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(57)Abstract 
PROBLEM TO BE SOLVED: To provide a oxide 
thin film element in which a functional oxide thin 
film consisting of a high quality oxide epitaxial 
layer is grown on a substrate of a Si single crystal 
and its production method. 
SOLUTION: A oxide thin film is epitaxially grown 
on such a metal sulfide placed directly on the 
suri^ace of a Si substrate as a buffering layer as 
In2S3. AllnSS, CelnSS. LabiSS, GaIn2S4. MgIn2S4, 
MnIn2S4, BaIn2S4. MgS, CaS, and MnS. The Si 
substrate can be used as a bottom electrode, 
when the electric conductivity is improved by 
doping the metal sulfide with tin. When a metal 
sulfide epitaxial thin film is formed directly on the 
Si substrate surface, preferably the sulfide be 
sulfur-terminated and a metal thin film of the 
platinum fiamily be inserted on the buffer layer. 
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I»*«2l <>'-:^«5^A (I n) 4:*tr^«Wfc«^*ffl 

in^^4] mit^>i^^J^ {! nt S3 ) «rfflV^6C 

(»3^^6| MASTA^^^i^ik (A I) , -tD^M. (C 
e) . (La) <0l>'flt*»-e^6itfr««i 

[fll*96| MdKTA'^::^!^^ (A I ) Vh^. (A I 
I I ni>i ) t SsOx;AtO<x<0. S3VhhZt 

(Mg) , ^>;tf:^ (Mn) . A (Ba) OV>r 

{R*«l 11 tt(b^^*5^!>A (MgS) , «<b*yw 
(CaS) tyt«:filt4b-^i^Xf>' (MnS) «rfflv^ 

rtt*«i 21 A««fb«i;5>e>/^6/<'y7T-a±ice 

-|»«9rr 3?e-4Ki0lte«irBW 
e^t^i^ (I r) . /<9S^^>A (Pd) . 6^ (P t) (O 
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(0 00 2) 

(00031 flHblfti|t|»A0!>«>l£»s ias4S±0:>Mrc 
izM^Xtknmmis<o6»m{tmi &TS i Ot 

(0 0 0 4] ^OzTai-^ti^Xn. ii»*«>^5Jk^ 

«rliff AftBtflKlc AlK Sfi&S<r:N J: 8 0 0 IDEA 

andShirakf.Y. S^i^—- ^yk;r:/atW'^ hO'>-^;&ywy 
1^><*x^tt. 133 «. 6fi6H. (1986^) ^M) , 

[0 0 0 51 m»it\^it3 i &mmm^. Asukitm^ 

V ^&m<oat{t^^. i ft<ottib«b»6i ^ s i s« ^ i^rB 
jrioaia^n*. -to?i:5//&j«»<bat ur. idfb 

•feVl^A (CeOi ) . »^b-^/U3-»>-£. (Zr 

sesflM^bt^A'Sii'^A (VS2) , mit^^:^i^^A 

(MgO) . »<b-^^*->^Ar/^§5if>A (MgAl 

*«i:«&ilLTV>5 ( Harada Kalzo. NakanUhl Hid 
SO enorl. ItozakI Hidao and Yazu SfuiJI, 
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fA.^:/r7^9-< K7Yi^5.^;^tt, 30#. 034-93 
8 jr. (1991^) , Inoue Tomoyuutt. ffltt. 32 #. 17 
65-1767 jC, (1993^) , Fukumto Hlrofunmj . loura T 
akoshi end Oflaka Yuklo. T^y^ h^y^ i^i/^?^ 
-Xtt. 55». 360-361 (I989¥) • Fork. 0. K, . F 
inner, 0, B.. Connall. 6. A. Phillips. J. M. an 
dGeballo. L K. ID». S7#. 1137-1139 9.(1990^) 

f'^V®;^ hDV'f^i^A (SrTiOs , ttTSTOi 

R. A., Valker, F, J. and Chisholn H F.. 
A^uif*-t<^--Xtt. 8I». 3014-3017 IT. (1998¥) 

Co 0 0 71 ^(Oj^mn, rp-fe^3jsHuv^i:V^5mH 
O^lc, ftXS-Ctt««Bft<fco»«ia<rr«9R. ST 
O0|jOSttSB(«r9iau. STOfll^S iK«^<onQ(cs i 

«^lfe;d<M<$iiT%^d« T i umt»W^^h^ , ft 

V<*W>5ctt-?-j£«l: C»o. 4naO «ci5v^<ft-f-fttt0 . 4- 
2 4no©A^fitr<ei-Z i: *<OWJ5;6i3k**uT 

[00081 Si mvi±Kmmmmnt¥n^Sk^:^ tr^ 
mmn^mitvM (s ioi ) ^m^^l. s \ 

JR^iifil^U. (S 1 C) fSktcmAK. 

Sv-Ci;6««#$;ttTV>« Yoahlflioto IL . Na 

gataH.. Tflukahara T. and Koinuna H. . -^-r^^^— X 

or<o»^, X I 0-«PaJ:5iB>tffilcfiK»e 

(HF) Tftf^U s imm(o^r:^^}) 

-ttiizXf). 8oot:afto»iftirY-*ci<fc<, si 
«®jcsioi flli«^$n>a;v^t<:iBtL«e>< (30 

M^tf MorftaK. Ohni T. . . Haaet ava £. . Kavakao so 



in and Suna H. T:/9-r K7-< S^jf ^^u^— X 
tt. S5«, 562 11(1989 ¥) . 
10 0 1 01 C<p*tttt, /V^y 

ao. «t>H. 1990«i&^«ra«dnH^Mft. 28t-T- 
5 t^ffl] • ttlc^ ibJjC&ttS illSOfitSI (As) MM 

(OOlll 

«<rB«-*"a8»lc+i>Ji:iMl/< v TizKt b f£\f^Z fCh 

(0 0 121 iOMaiC»i-5«St«l^ L-CVanaaa, Sa 

20 icryu^ri^i* (A I) tWiDtfcTii.. Ai« NR 
trffiv^^ ( Yanaaa Naoko. Sano Kenya, Aba Kazuhlda 

and Kawakubo Takashi. i^'r^<=-^Xi>'f^±A-:^'^T 
K7-rs^y^Xtt. 37«. L151-L153 H. (1998 

IC, Tii.. A I. Nfll/S IW-fOifetJt 

J:^ t T i A 1 ■ NBTt S i ft«t<D 2 21 
io (0013) 1 5-o««»j5Ctt, s i «:>afl5»«?^ 

T 1 <omfc«^<o^^^;\3:;}tA' 
^ 9 $ < , Si <OB(ktt<D*ilftSj{t C ^ T*> 
«. 2 9 8* K -Cifctti-Si:, T i N<0±rtd|S7^^a:* 
yu^p^;^t^ -309. 6KJ/iD0|-Cfc6©|CjfctU. Sis 
Ni 0-tlV«-6 4 2. 7KJ/o«lTab6. -tOfc^lC. 
S iSff&85j6<a<iSdKTi/y a^fiit^ (5 i Ni ) 

lO 0 1 4 J ^ttS i 0*ftttOtofc*>'^i+/^4f- 

(S r Fi ) -^mfc;tFyw->^>^ (C e Fi ) O 
i^'ifJWfctofc^i^^lWLtj^X^fnTv^ft MUfjttf Mo 
on. 8.IC and fahihare. H. •^^^VT/wXl/'lh— 
t^aT^-f »?Ki^»>ArPi/-7*-<i^^. 341 If*. 

118 m, (i994« . t«'u. mbtt^^aiics i 

[0 0 rsl «{k»«r^<y7r-JB»cfflv>««^, -ttv 
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6 0 ora^iOSCiUlTiOfiaiORlC. »»<0S i « 

files i««J:lC»lftT«*4n/t**-C«>6tr-6 
CO 0 1 61 cojc5<c«»u«;^;»:jBWfl!)BWtt:. /< 

[00 171 

loo 1 8| Si om«^o< 
LX-(>i^^A (In) <r«tf^«<bte«r«V^5tA 
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(Ml I ni.| ) t Si fflOAJRgMfctt(0-o-e*) 
«WW>i^i>A (Int Ss ) a>^^:f^aL:^/i,if 

(-2 0 6. SkJ/mol) JcJt-«T»<, «ft-C*6* « 
I m Si ^m&&ti^zlA^tf^A^m<otL^& (P 

d3in) TfcO, 0 7 3 4rwCi5> 

-toili^irs I o-th, (0. 64aonii) tlimi^^ 

A^A&^z^l.X^>6. 
' - C 9-O-2-0h -l-m-Si -o r ff!S[^V)-=o5n^tt=if(r^ 
»JOA«lg(^T«t;&»;t/t (Ml I ni-i ) i Si ®0 

t Si tt, -o<o«tf<ei nDR^«rdtrfcaO«fioj^*|; 
[0 0 2 1| (X«x I ai-i ) t Si SOSt{bt^^i-6 



Int Si h^^^^i^^A^^^j^B^j^ 

Co 0 2 21 ^y=>><t »}tt<t^j5l4'0<5^fiJt4^y;^ 

r/P*s^A (Al) , (Ba) . ^UJi'^A 

(Be) , (Ca) , (Ce) , -< 

VS^S'A (In) . (L.) , yf^^ri. (l 

I) . ^if^^y^J^ (M«) , (Mn) , 

T'xV (Mo) . -fH;r>A (Na) , ;*hDi^^t>A 
(Sr) , 9>^A^ (Ta) , S^/Pazii^A (2r) T 

Co 0 2 31 .Cnfe<D7C«|c|iTI nJCti^ft43oT4ctt 

«rf^60«, Al, Ce^TLsTfeS. A I, CeOtt 

OK -4 5X, SU/kDOlr^a. L a «fiWk«>(04fej^:i|? 
:/j:^3:;^yw4ff— It, -1 0 00kJ/B»IJ:5<SV>t%^(P, 

4? 4 12. 5W/«p|^!)«<, S 

*o<5±^2|^^-X^;^yw^ 2 0 6. 6kJ/fl»IJ:r) 

«:6;d»|c«v^)ta6, ^<y7z-Jl/s J#»lc^*v^Tfil* 

10 0 2 4] Si J: 
±E05c««^«l)iCqFT. tni Sa OlnJiC'T^O— o 

'J^ATA^^^tfA (A I. Int.. ) I Si . 8ft<fc-< 
^S^l^A-tyt^A (Ce I nSi ) , mft^ :^*JffJ^f 

(L. I nsi ) ^^<^y7T-m^mmt^. 

(All I ni-i ) a Si , C e I n Si . L a I h S 

1 It. Int Si tmc^^^\:^A^mmki^-:>tcn^ 

U^Stttt^H-eil, I. 074 2 6ni(xs0. 

2 2) , 1. 08 3 9nm. I. 08 8 ImiTftO. -tO 
^»«S iSIStOl^^FSftO. 6 34 ln»k<D»t. t 

C00 2 5J MiJlT^l^^^jrA (A I) (Dt^ll, (a 
l« Ini-. ) a Si 09xift<O<x<O. 33T^at> 

©k-rs. ««it:*:tk1»*c (Ai. i m-. ) i si 
o»^S»ll/hi<iir5. ,>0. 3 3T«)6k. -to 

s i «4so»^jettk©a3^- 1 . 5 

I0 0 2 6I ±JC|2Ufci:9lCI nt Si 0|Sa»^ 
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&Thi>. (All f ni-i ) t S} , C e I n S) , 

3 (a) C«0»^t8»-iF5>^WUTIf» 

[0 0 2 71 I n< Sa <0»^, AA«5c«. BftHic 

l^tt»-f«»ib2o4r2/3iBWI ni«ttltr, 
I ii«r2 1 1 1/3«, S^32fld«rt^. In&S 

Wo, (All Ini-i ) 2 Si « C e 1 n S3 « L a 
I nS3 Olft^ll^ t ni S3 nO— -(H-^ 

HAK Ce, La|C|l^»|po3t«|iST*>6. 
[0 0 2 81 Ini Si <DJSAIC*5V*-C. iHOittVti^h 

6 I iiJ6«^«r6*»tt^«-C*6, tfc, (A I. In 
) 2 53 . C e I n S3 « L a 1 n S3 tf^Itilr^ 

(0 0 2 91 -tw-C;#:|8W-ei*. -'<y7r-Jl»C, ^flft 

irt. Mint S4 ffl©^«»<btti:1-«t>0&-*-«. 
4^»CM;6«;6/W>5r2^ (Ca) , ^i^^U^J^ (Mf) . 
•r^'Xrv (Mn) . y<!;^A (Ba) OV^-flvd^-C*)* 

( 0 0 3 0 1 s I J: 9 t>tt{bdtvAv'^^«tf ;^ t^4( 

/^^iffcOMr ni S4 ffl©«Jft«I^T, U36»tS I 
»>A (^TCa I nt S4 ^IS-TJ *fctt«Wl:-< vt^* 
>'':^'>i^-9'>;tf>' (£(TMn I nt S4 irE-f) 

- -[-0-0 3 il'c aT n i "S ni^'P^T/wfi^blS^^aWJ T "Va 

1.0 7 7 4nD<0ir*fi'Cfe«. -tOfe-T-l^ttiO^^tt 
Sioo. 5 4 3 inmiclt-i. -o. 8% tiz'KA<^ 
ftU I ni Si O-ett (- 1 . 3* ) J: 0 M 
g I ni 54 i>^^^i\^^i0^^mi&kmh. 
. 0 6 8 7nnKO^^a-cl>^. 

Mn I nz S4 h:!^\f^/vm^»^m^^nh. 



10 0 3 2] Ba I ni 54 1*;^ tr*/VB 
PbGat Se« fi<0«*AT*>9 
I. 0 8 4rBi« 0. 6S5 6in« 1. 08 8 5naT^ 
6. aW, ctt<Ott-^Sft(0i|t5)^s i t<0*;Ji-^y^ 
ll^h* < , 1»|C*ilk»^w a c K«ffi«tt, S I <02 X 
2«>Mh^oMi:o»io. oi|j:04*dvv. Ca. 
Mg, Mn. Ba3*Jiaftl&4ro< -5^fi8d|F^:«jt+/w^ 
-tt, 4 7 7. 4kJ/mol, « 3 4 1 . 8 W/« 

oi;' -2 18. 4kJ/noK -4 5 eW/oolA:. ^Mit 

a I na S4 . Mg C na S4 « Mn I ns 54 tt^tt 

*x e+/w«iit t a * or » 5^ i/ Y /i^/Sfi-f i 

(003 31 &««[<l:4ft;5i«fH4-C«,atftV^. cive> 
^ott^M^fiWtt^r -5 if 3 lO'lt^nr ft « 36^ 9 
««trft*ilf , 5 i Sfi«f»fb«i9raM^<o««<D-» 
l:tTfJfflr6C^;fttTt*. ^Afbl^ (Mi I n 
i-i ) I S3 tfcttM.Ini S4 (C«^K-r-r5tiO 

[0 0 3 4] ln;9S« (Sn) tmmWmz^\,^xm^ 

s i Mm^WMm9m^(owAa>^^t y^xmm 
srijM-ct*. ttiic, (Mgs) , 

mWA^S^^-^ (CaS) . m«Srr>ift^ (Mn S) * 

10 0 3 51 MgS<0^4?:^;^i*yw:sis^tt-3 4 
1. 8W/aolitt<, 
0. 5 2 00lwTfc^. S 

tt. -4. 4»-C«>6, CaS<Dl»*tt, ^fert:3f:/>^i 
♦^4?-lt-4 7 7. 8kJ/ii»l|:ffi<. ^<0»^ 
Sfttt, Itfraro. 5 e 9 SnarCfti. S i 
»^0$>^-ryf-tt+4. 9X -CJb^. MnSCO^fiE^ 

ft:^aT0. 6 2 24nn-C.fc*. Si© 
»^«tt^0>$A^5'^«, -3. 8»Tfc5. 
[00361 ±lea)fiSftttltW^i-n(>4»'?•£tt;0f s i <0 

(0 0 9 71 s i SIS±icff^;dt U)t^ttfls««»&/x« 
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Oi^ (Rh) . (I r) . (p 

miStfcO. »^«»tt-tn-eixo. 3 803 inn, 
0. 3 8 3 9nst. 0. 3 8 90ran« 0. 3 9 2 3nnT^ 

(0. 3 840nn) IC^«i£v\ «fk«iO^<5f 7r-Ji 
tt>:c^py;^X^-< hS»ft»tt, 0. 3 9nacD»-^eilt 

(00381 MMmki^mc^m^^Mk^'t^mi. a 

a* *T.r t^HWIRftKIC^; }£9^ "y^A^A^k 
(0039] 3:^«»ASfi±fcAJ0(fi«b4f^i»>&ik 

II, s i«£<offfff<b^^*c/j:oybft, Si^S^lO 

0-*PaS«cott«o«au$fe+t(Oi:r5, 
(00401 -tOj: b iC+ntfS i «lt«Tl^iS» 

( 0 0 4 1 J S i O«<b««ro< -54rt4^y^Ji4/U5¥ . 

-206. skJ/moi-cfef^, Si*t«*tttt;«o 
*mbli« (£ITS i C^IEr) 



-r* 1 X 1 o-«P8a«»ctntfft<<c«. zo&^nis 

1 S1fi«SI2ni9iqic;ef;;^IR<f(0l|L-)i-c 
flibHTt^9£^-CJb^, J:-^r, lO-»--io-<Pa 

a«(ott»»ffla*c s I atf^B-f r t *ci: 9 , 1 5)w 
u -e#ns<±o->y avtt^btt (s i si ) n±a.Ui 

(00421 ^ fcr*ypgg«>«fb« o r 

ct99r$. 03 (b) ^t, ^^^^/^^(omim^i^mt 

(OOX) ffifc3Wf<C8«ilC5>rfrjlfeff^E^H 
T«>6. T**6W2, »4. 96. «8flgr2fiKtt;fti 8 

at^tt^. Si (10 0) s±<orai-««|i9icb«« 

( 0 0 4 3 J ttftD!C^itt*#«r 2;^»o<Dir. ;^ 

9 0Sr*VT*//5 2fl«*t«>5. JtoT, -tWci:*) 
«2, «6«BitS i*«liO>iff±|C*«Q3&», »4. 

«2. «tv^ri»6«Ha)»6fiR«-r$i:-f«. -t<0^l^fe 

203Misa^ici»«-c4>«fc* 
«c:*rtt»*fe<tv\ Lift* U 8«*ftrt© 2)1* 

[0044] 

^««8^Ai^lcttWtj5^ 

( (I no. lis no. oi) I Sj ) . c«Q83^ 
(IUTPti:E1-) . »^«M4^tTA'^=!>A» 
;*ho:^^i>A (srRuOi , &TSRoi:e<r} , 

( (fiao.o S re.i ) T i 09 « £<TBSTO^fe 

v>6, /<y7r-»2. «tQ8 3. »'7>MffiB4^ SIR 
SO 8I(ES5, Jb»««6<DiStiiiv^r#v(>|^i oonirc«» 
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(0 0 4 51 »'FaB«4(r)SROll#«ttr^9« t 

fc, m^o^T^if^ hA^Ati-^t, Vo»-fS»tt 

0. 3 9 2 8na"C*>9, 0. 3 9 2 3nm7) P t i 0. 3 
952n»OBSTOSi <rii««IC«»4Ht«#ffl*-^ 

<5«-«6. S iSSl^riilJrORCAttTRi^r 

^. ^(^ICflBKtt (Hi S04) ^iSiftfk*** (H 
I Oi ) fccoa^tt. (HF) . ru^sLTTk 

{NH4 OH) tiS»^k*«* (Hf 02 ) ^oa^ 

m. mm <hc d ^iaii^b^ii;(c (hi ot ) 
eooricTJf, *>iBiaj4(o^<sf7r-JB2«-fli$i 0 

OmH0ir6. IX a (Sn) nt Ss 

A 3(0P t trK$ 1 0 Oraofitt-r^. P t Ott^SSt 

0. 3 92 8nnrl!>0, ffilfainj Ss 0!>»?>:eft 
1. 07 2 4nDOi/2a7Xlci/V'2lcixif4g3i- 

6. -f/iJl^tjP t<0 (10 0) :*^f6lJWr na S» (1 
1 0) ^iailCiMf<C«^eW^i:63:e'^^i>'i'/Prt« 
«r-t"&. Pti-Ini Si fl>±lc«fl|f«ri: 

(0 04 71 «v^T;^><5^^ifeicJ:9. «-^mfj|4«> 
SROBTtrl 0 OnrafiWi-^. Wc, ;?^^<>^&UJ: 
9. ilintSMEflSOBSTOOI^fel 0 Oranfirai-^. 
<o±fc. i:to9<B6i:ur9V0^SROIIt»10 0mHfil 

ttUr"Ct,AV\ BST08IO±TICSROB^AV'^ 
(00481 w<0jt3»iU-C, BSTOfll^RttM:^i- 

St0ffl<D»tt*i:UTIft7 0 0Offi36«1*€>nfc. * 
X 1 0-«A/an« Tfc-s/t. 

7 Z,t \ ni Si Oft*30lc:i n<01l <^ffl«r 
#tfLa I no. tf Sne.oi «rttA/^, BSTOIfi^ 

(0 0 4 91 S i$«l«:7^«tt^U ±fl{Qfii6^ 
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